Scarcity of fresh water has led to use of low quality waters that were considered unsuitable for irrigation in the past. Mismanagement of irrigation with wastewater poses risks to deterioration of the hydraulic soil properties and pollution of groundwater. In order to study these concerns, synthetic wastewater was poured on steady-state flux one-dimensional aerobic sand columns and the results were analyzed. Four irrigation treatments with different levels of chemical oxygen demand (COD) were performed as a randomized complete block design with three replicates. Soil water content, electrical conductivity, water potential, and hydraulic conductivities were monitored.
INTRODUCTION
The use of reclaimed water originating from wastewater treatment plants is a worldwide practice for agricultural purposes such as irrigation, especially in arid and semi-arid areas (Feign et al. ) . Discharge of domestic and industrial wastewater to surface or groundwater is very dangerous for the environment. At the same time, these flows are a potential source for water and nutrients for irrigating crops in and downstream of urban areas. If irrigation with wastewater offers many advantages, its use can, however, affect the physico chemical properties of soil and, consequently, crop production (Feign et al. ; Chen et al. ) . A major concern about using wastewater for irrigation is that the hydraulic properties of the soil are influenced by the wastewater. Another concern is that the wastewater can penetrate and pollute the phreatic water table. Accurate assessment of the parameters and predictive uncertainty of water and solute transport is essential to optimally manage soils and subsurface aquifers and to address chemical pollution in these resources. The variety and complexity of the physical, chemical, and biological interactions between the solute and the soil or subsurface aquifer medium often makes it very difficult to describe and predict solute transport behavior in these types of porous media. The modeling of solute transport requires a thorough understanding of the main processes involved.
The description of solute transport behavior by use of suitable models is crucial to understanding the fate of solute. One of the most frequently used transport models for describing the contaminant transport in porous media is the convection-dispersion equation (CDE) (Bear  (Šimunek et al. b) . CXTFIT is a program presenting a number of analytical solutions for one-dimensional transport models based on the CDE.
The objective of the present study is to evaluate the changes of unsaturated flow of wastewater through a soil.
Transport parameters and degradation are studied in laboratory soil columns and analytical modeling. The CXTFIT code (Toride et al. ) was used to determine the transport and degradation parameters of the CDE. Synthetic wastewater and steady water flow were used so that our results can be reproduced. The water did not contain any solids in order to exclude physical clogging. As the removal of solids is a first step in water treatment and drip irrigation requires the removal of small particles, the synthetic wastewater used in this study is similar to wastewater after a primary treatment.
MATERIALS AND METHODS

Experimental setup
Twelve soil columns were constructed in order to characterize the water flow and transport parameters in onedimensional vertically downward directed flow experiments.
As shown in Figure 1 
Synthetic wastewater irrigation
Synthetic wastewater was used in order to obtain reproducible results. The chemical composition (major ions and pH) of synthetic wastewater is presented in Table 1 .
Glucose, NH 4 Cl and phosphate were provided as the carbon, nitrogen, and phosphorus source, respectively. This mixture has a C/N/P ratio of 100/8/1. NaHCO 3 was added as an alkalinity source and adjusted so that the pH was in the range 7.0-8.0. 
Model selection and parameter optimization
The simulation inversion of the breakthrough curves at different initial concentrations was performed by the CTXFIT We did inverse modeling with the breakthrough curve BTC to determine the transportation (pore water velocity and dispersivity) parameters, which were then used in inverse modeling with the COD-data to find the degradation.
Having determined D and V we can then determine the degradation constant.
RESULTS AND DISCUSSION
Measured and estimated breakthrough curves
The breakthrough curve obtained for the non-reactive tracer (CaCl 2 ) was fitted by using the CDE, together Finally, optimized values of the longitudinal dispersivity (λ) showed no significant change in all treatments. However, these small variations in longitudinal dispersivity between the columns might be due to small changes in the soil water content during experiments. The pore water velocities predicted by CXTFIT code were in good agreement with the pore water velocities estimated by combining the column cross-sectional area, water flux rates, and the soil water contents.
The observed variances were all attributed to the experimental error. No treatment effect was significant. The variation between the columns was much larger than between the treatments, so no effect could be detected. As for the water content and conductivity, no change in properties was observed during the experiment with wastewater.
The CXTFIT code predicted the observed breakthrough curves very well with R 2 values ranging from 0.901 to 0.995.
COD degradation
Degradation or transformation processes transform one compound to another through chemical or biological reactions in different environmental compartments. Degradation usually breaks down substances by such processes as hydrolysis or photolysis, but may also result in larger molecules by such processes as biosynthesis or polymerization. Kinetic parameters describe an aspect of the rate at which a substance dissipates from the environment or an environmental compartment. Such parameters may be non-specific, simply describing net dissipation due to degradation and transfer processes, or they may be specific, describing dissipation due to degradation, formation, or transfer.
Having determined longitudinal dispersivity, pore water velocities, and dispersion coefficient from the first step we This is not necessarily contradictory to growth of bacteria.
In the dune sand soil, the natural supply of carbon is small. It therefore seems plausible that the microbial population in the soil columns will grow when supplied with synthetic wastewater.
These results from the model provide useful estimates for the rates of synthetic wastewater in irrigated soils. However, the rate estimates obtained might not be the true values for the real field conditions due to the complexity of microbial degradation and the lack of detailed information of, for example, types and distribution of microorganisms.
Our findings can be implemented and tested in real field conditions. A recommendation is to take soil water samples within the first 50 cm of the soil. In addition, the roots will extract water and nutrients. A field experiment could compare the fate of wastewater with and without crops in order to differentiate between degradation and crop uptake.
CONCLUSIONS
Municipal wastewater reuse is believed to be a potential intervention strategy for developing non-conventional water resources. In this study, the effect of wastewater on the solute transport and transformation behavior was studied by conducting steady-state wastewater application treatments on undisturbed one-dimensional sand columns.
Information on the fate of water and synthetic wastewater was obtained using tensiometers, TDR, and soil water for all columns during experiments were due to nonhomogeneous bulk density of the soils. First-order degradation was observed. However, the degradation constant decreased with time and this decrease was independent of the concentration of the wastewater. We estimated that the degradation constant after a long time is 2.53/day.
Our steady-state flux of 10 mm/h maintained during 80 days was well above intensities experienced under irrigation. Therefore, for synthetic wastewater similar to domestic wastewater, we can conclude that the average residence time in the soil along with the degradation is sufficient so that groundwater will not be polluted. As in water treatment, residence time and degradation rate are the crucial characteristics.
